Th e aim of this research was to assess the reactive changes of rat proximal tubules caused by gentamicin and the eff ect of relatively low doses of melatonin.  adult male Wistar rats were distributed into six groups of equal size which all received one of the following daily intraperitoneal injections: vehicle ( ethanol in Ringer solution) during  days (C); gentamicin ( mg/kg) during  days (G), two groups which concomitantly received gentamicin ( mg/kg) during  days and melatonin in two diff erent test doses ( or  mg/kg) during  days (GM, GM) and two groups treated only with melatonin in two diff erent doses ( or  mg/kg) during  days (M, M). Histological analysis included qualitative and semi-quantitative light microscopy analysis of proximal tubules. Exogenous melatonin had no signifi cant eff ect on the microstructure, independently of dosis. Th e changes of proximal tubules microstructure induced by gentamicin were expressed in the form of granulovacuolar degeneration, necrosis and desquamation. Th e grade of proximal tubular changes was smaller in animals who besides gentamicin received melatonin. Melatonin has a dose dependent protective eff ect on the structural alterations of proximal tubules of the kidney induced by gentamicin.
INTRODUCTION
Gentamicin is an aminogyloside antibiotic widely used in the treatment of infections caused by Gram negative bacterias [, , ] . Th e use of gentamicin is limited by its nephrotoxicity [] . In fact, the treatment with this antibiotic, even in therapeutic doses, causes the damage of proximal tubules of the kidney [] . Despite the introduction of newer antibiotics of lesser toxicity, gentamicin is still often used, because it's relatively low cost, and rapid bactericidal action [, ] . Th e mechanism of the genesis of gentamicin nephrotoxicity is still not completely clear, but it is assumed that the reactive oxygen species (ROS) are one of the main causative agents [, ] . Th is is the reason why it is considered that the negative action of gentamicin could be reduced with the concurrent use of an antioxidant agent. N-acetyl--metoxytriptamine (melatonin), as the main product of the pineal gland, was shown to be a good protector in diff erent models of kidney damage, e.g. ischemia-reperfusion injury [] or changes induced by cisplatin [] . Beside its most famous function -the regulation of the circadian rhythm [] , this molecule posseses other numerous functions including the immunomodulatory [] , the antiinfl ammatory [] , and the antioxidative role [] . Th e facts that melatonin functions as an antioxidant and that it reduces oxidative damage on the physiological and pharmacological level [] open the area of interest for use of melatonin in blocking the side eff ects of gentamicin. Therefore, the aim of this study was to test two different doses of melatonin regarding the gentamicin induced structural alterations of proximal tubules.
MATERIAL AND METHODS

Animals
Fourty eight adult male Wistar rats, weighing -g, were maintained in standardized laboratory conditions with a temperature of  ± °C, and a -hour light-dark cycle. Both standard rat chow and water were provided ad libitum.
Procedures
The rats were randomly assigned into six groups of equal size which all received one of the following daily intraperitoneal injections: group  (Control), the animals received vehicle ( ethanol in Ringer solution) during  days, group  (G) rats that received gentamicin ( mg/kg) during  days, group  (GM) rats which received gentamicin ( mg/kg) during  days and melatonin ( mg/kg)  days before and  days concomitantly with gentamicin, group  (GM) rats which received gentamicin ( mg/kg) during  days and melatonin ( mg/kg)  days before and  days concomitantly with gentamicin, group  (M) rats that received melatonin ( mg/kg) during  days and group  (M) rats that received melatonin ( mg/kg) during  days. Th e animals were sacrifi ced under ether anesthesia  hours after the last injection. Left kidneys were removed, fi xed in  buff ered formalin and then prepared for the qualitative and semiquantitative histological analysis using hematoxylin-eosin (H&E) and periodic acid -Schiff (PAS) staining. Th e study was carried out at the Institute of Histology and Embryology of the Faculty of Medicine of the University of Sarajevo, with the approval of the Local Ethics Committee. Th e histological analysis included qualitative and semiquantitative analysis of the proximal tubules of the kidney at the level of light microscopy. Th e semiquantitative analysis of the kidney sections was performed using the technique of Houghton et al. [] . Th e changes seen were graded as follows:  = normal;  = areas of focal granulovacuolar epithelial cell degeneration and granular debris in tubular lumens with or without evidence of tubular epithelial cell desquamation in small foci (<  of total tubule population involved by desquamation);  = tubular epithelial necrosis and desquamation easily seen but involving less than half of cortical tubules;  = more than half of proximal tubules showing desquamation and necrosis but uninvolved tubules easily found;  = complete or almost complete proximal tubular necrosis.
Statistical analysis
The chi-square test of independence was used to examine the dependence of the applied dose of melatonin on the grade of damage of proximal tubules. Probability values (p) less than . were considered to be statistically signifi cant.
RESULTS
Control group
The qualitative histological analysis revealed regular renal parenchymal structure. The proximal tubules appeared intact, having uniform tubular epithelial cells with a preserved brush border, the cytoplasm having homogenous tinctorial properties, and the nuclei having regular size, position and chromasia ( Figure A and B).
G group
Th ere were visible wide fi elds of heavy and extensive necrosis with numerous completely destroyed proximal tubules leaving only a bare basement membrane in the kidney cortex. Numerous proximal nephrocytes showed changed tinctorial properties -some cells showed enhanced acidophily while others were of pale appearance. The brush border was damaged on several places, and completely missing on others. In numerous nephrocytes it was possible to observe vacuolisation and/or the accumulation of PAS positive material in the form of diff erently sized and shaped granules, from barely visible round-oval granules to large, irregular aglomerations, which exceeded the size of the nucleus. It was also revealed that the nuclei were of diff erent size, position and chromasia, and that several cells had lost their nuclei. One part of the tubules showed dilatation; in some tubules was evident the obliteration of the lumina by the presence of a necrotic cellular mass (Figure C and D) .
GM group
In the cortical parenchyma, we could observe relatively narrow areas of necrotically changed proximal tubules in comparison to areas of preserved structure. Histological changes of proximal tubular epithelial cells were more severe in the cortical then in the juxtamedullar tubules. Th e proximal nephrocytes showed signs of granulovacuolar degeneration and necrosis. Th e cytoplasm of the nephrocytes, showing necrosis, had changed tinctorial properties and the nuclei were pyknotic, and some nuclei showed signs of kariorexis. Necrotic cellular debris was observed in the lumina of some tubules. In a few nephrocytes it was possible to notice the presence of PAS positive granules of different size and shape, and it was possible to observe the vacuolisation of the cytoplasm. Th e brush border of some cells was completely missing and in some cells its structure was only partially damaged. We could also notice a few cells with mitotic figures. A mildly expressed oedema and an inflammatory infiltrate composed predominantly of lymphocytes were visible in the interstitium ( Figure E and F) .
GM group
Th e architecture of the cortical parenchyma was mainly relatively preserved, and the fi elds with granulovacuolar degeneration, necrosis and/or desquamation were clearly spatially demarcated and extremely narrow. Th e proximal tubules were lined by simple columnar epithelium composed of acidophilic cells with no discrete cell margins between them. Th eir round uniform nuclei were positioned in the basal portion of the cells. A well preserved brush border was visible on the apical pole. Th e basement membrane was continuous, had a regular structure and uniform thickness. Some nephrocytes were showing signs of granulovacuolar degeneration and necrosis with typical changes of the cytoplasm and nucleus. Th e cortical interstitial connective tissue had mainly a regular cellularity and only somewhere it was possible to fi nd a sparse mononuclear inflammatory infiltrate ( Figure G and H) .
M and M group
Histological analysis of the cortex of the kidney in this two groups showed a regular architecture of the parechyma. The acidophilic cells of the proximal tubules were having a uniform appearance, and their round nuclei were having tipical basal position, tinctorial properties and size. Th e intersitium had a preserved histological structure ( Figure I) . The result of the chi squared test of independence showed that the grade of proximal tubular damage (Table ) 
DISCUSSION
Th e use of gentamicin is still very frequent in clinical practice despite its nephrotoxicity in - of therapeutic courses [, ] . Gentamicin induced nephrotoxicity is used in numerous studies as the model for the research of aminoglycoside toxicity. Taking into account that the ROS are regarded as one of the main causative factors of nephrotoxicity of gentamicin [, ] , research has been done lately in order to develop therapies to reduce oxidative damage. In our research, the treatment with gentamicin at the dose of  mg/kg resulted with signifi cant lesions of the epithelium of the proximal tubules which were changed in form of necrosis and granulovacuolar degeneration whereat grade  was recorded in . of animals. Th e interstitium was reactively changed -oedematous and infi ltrated with mononuclear cells. Th e kidneys from the group of rats which were treated concomitantly with gentamicin and melatonin at the dose of  mg/kg showed clearly that melatonin had a protective effect on the gentamicin induced structural changes. Namely, the areas of the kidney cortex enclosing tubular necrosis and degeneration were narrower; the changes of the tubules were of lesser extent, while the interstitial mononuclear infi ltrate and oedema were less prominent. Grade  of changes was observed in  of animals, and grade  only in . Histological analysis of kidneys of the rats which were beside gentamicin treated with melatonin at the dose of  mg/kg showed that the changes in this group were the mildest. Th e protective eff ect of melatonin was even more pronounced comparing to the previous group, grade  of changes was recorded in one half of the animals and grade  in the other half. Th e kidneys of the rats treated with melatonin at either a dose of  mg/kg or  mg/kg did not diff er histologically signifi cantly and all the kidney sections were graded with . We noticed a diff erence in the score obtained by the semiquantitative analysis between the group of rats treated only with gentamicin and the control group, as well as between the group treated with gentamicin and the groups treated concomitantly with gentamicin and melatonin, while the degree of melatonin protection was dose dependent and highly signifi cant (p<.). Th e study of Sener and al. [] , that pursued the protective action of melatonin on morpho-functional changes of the kidney caused by the administration of gentamicin, showed that the rats treated only with gentamicin had elevated values of urea and creatinine, which was followed by morphological changes in the sense of severe degeneration of proximal tubular epithelial cells and their microvilli. Th e pretreatment with melatonin reduced the development of the mentioned changes, which is in accordance to our results. Shifow and al. [] were examining the eff ect of melatonin on the development of biochemical and histological changes caused by gentamicin. Th e values of urea and creatinin were increased in comparison to the control group, and the histological analysis showed loss of tubular epithelial cells with an intense granular degeneration, with the changes comprising more then  of the renal cortex that is the total tubular necrosis was observed (grade ). The animals treated with melatonin had both lower serum values of urea and creatinine and a lower grade of structural changes. Th e research conducted by Özbek and al. [] showed that melatonin attenuates the genatmicin induced morpho-functional changes. While the rats treated with gentamicin were graded between  and ,  of the rats treated with genatmicin and melatonin had the grade of changes . Th e serum levels of γ-glutaminil transferase and the level of proteins in the urine were increased, while the values of superoxide dismutase, glutathion peroxidase and catalase in tissues were decreased in the gruop treated with gentamicin.
In the group treated with gentamicin and melatonin a protective eff ect was observed regarding all these parameters. Also the results of Lee and al. [] are in agreement with our results and show that melatonin has a renoprotective eff ect on the oxidative damage induced by gentamicin. Lately, research has been done in order to examine the protective eff ect of melatonin on gentamicin induced structural alterations, and thereby heterogenous doses were used. Nevertheless, none of these studies had as its main interest several doses of melatonin with the aim of comparing the eff ects and locating the optimal protective dose, what we have tried to accomplish.
CONCLUSION
Our results show that the gentamicin induced structural alterations of the proximal tubules can be abated with pre-treatment and the concomitant application of melatonin, and that the level of protection is dose-dependent.
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